colour assumed to be coded in memory; Bruner and Postman 1949; Humphrey et al 1994; Joseph 1997; Joseph and Proffitt 1996; Mial et al 1974; Price and Humphreys 1989; J W Tanaka and Presnell 1999) . Other studies have shown that colour improves performance on recognition tasks, even more so for objects with diagnostic colours (eg fruits; Humphrey et al 1994; J W Tanaka and Presnell 1999 ; but see Biederman and Ju 1988; Wurm et al 1993) . The diagnosticity of a colour reflects both the extent to which the colour is typical of a particular object and the extent to which it is useful for distinguishing that object from visually similar objects (eg yellow is diagnostic of a banana, but silver is not diagnostic of a fork). It has been shown that colour plays a larger role in recognition when perceptually similar shapes must be distinguished (eg Joseph 1997; Price and Humphreys 1989) . Thus, these findings indicate that, at least in some instances, information about object colour is stored in long-term memory and the availability of this colour in the visual image facilitates recognition.
Although object colour appears to play a role in the recognition of some objects, it is unclear, however, how an object's colour is coded with respect to its representation in long-term memory and how the availability of colour in the visual image benefits recognition. Ostergaard and Davidoff (1985; Davidoff and Ostergaard 1988) have argued that colour information is not stored as part of either a structural or semantic visual representation of the object, but rather it is stored in the memory as a verbal label. They argued that colour facilitates the retrieval of an object's name after it has been recognised and categorised on the basis of its shape, which is coded in the object representation. This argument is based on their findings that depicting objects in their appropriate colours does not affect participants' ability to recognise (ie detect a target presented amongst non-targets) or categorise (eg livinganonliving) objects, although it does affect participants' ability to name the same objects.
Several lines of evidence suggest, however, that object colour is stored in visual memory, as well as in verbal memory, but that verbal coding is necessary to associate colour information with other features of the object. For example, Stefurak and Boynton (1986) had participants study different shapes, each depicted in a unique colour. They found that an arithmetic task, performed during the delay between study and test to prevent verbal coding, did not affect participants' ability to judge whether the shape and colour of a test stimulus were seen at study. The arithmetic task did, however, reduce their accuracy of judging whether the two features were conjoined at study. In other studies participants have attended to only one dimension (shape or colour) during a study phase and were then tested on this studied dimension (Cave et al 1996; Hanna and Remington 1996, experiment 2; Park and Mason 1982; Stefurak and Boynton 1986, experiment 2) . Their results suggested that the accuracy of judgments about the attended dimension was not influenced by whether or not the unattended dimension was congruent between study and test. Also, Siple and Springer (1983) found that participants' reports of`memory colours' (1) were independent of whether a trial was cued with a shape (ie uncoloured picture) or an object name. These findings suggest that, in the absence of a verbal strategy, the shape and colour of objects are stored independently in visual memory, rather than being`automatically' associated.
Two findings indicate, however, that the shape and colour of objects are associated in long-term object representations and that this association is not necessarily mediated by verbal coding. First, appropriate colour improves the naming of drawings of objects compared to no colour or inappropriate colour, while inappropriate colour often interferes with naming performance (Humphrey et al 1994; Price and Humphreys 1989; J W Tanaka and Presnell 1999) . This is not true, however, when uncoloured drawings are depicted on appropriately or inappropriately coloured backgrounds (Price (1) Memory colour refers to the report made of an object's colour from memory and it tends to be more saturated than the actual colour of the object, and to move towards the dominant hue of the object. and Humphreys 1989, experiment 3; see also Wilton 1989) . Second, it has been shown that cells in the temporal cortex of the monkey, an area involved in object recognition, respond in a super-additive manner to combinations of object features such as colour and shape, texture and shape, colour and texture, as well as colour, texture, and shape (K Tanaka et al 1991; see also Kobatake and K Tanaka 1994) .
The purpose of the present set of experiments was to explore the role that colour plays in object recognition and to examine the possibility that both shape and colour are automatically encoded in long-term object representations. To do this, we had participants learn the shapes of images of novel 3-D objects that were depicted in colour. The use of such novel objects should preclude the use of a verbal coding strategy or at least make it a difficult and inefficient strategy. Further, the use of novel objects ensures that there are no previous associations of these 3-D shapes with particular colours. After being presented with the novel objects, participants discriminated these old objects from a set of new objects on the basis of shape information. Half of the old objects were depicted in their original colour, while the others were depicted in different colours. Each new object was similar in shape and identical in colour to one old object (see figure 1 ).
Old New Figure 1 . Top: an example of an old object (left) and the corresponding visually similar new object (right) used in experiment 1. Bottom: an example of an old object (left) and the corresponding visually similar new object (right) used in experiments 2 and 3. New objects were always presented in the same colours as the similar old object. A colour version of this figure can be viewed on the Perception website at http://www.perceptionweb.com/misc/p5136/.
If participants automatically encode both the shape and the colour of objects, then their ability to identify old objects, on the basis of shape information, should be more efficient (ie faster and/or more accurate) when the objects are presented in their original colour, rather than in a different colour. The results of previous studies have shown that the accuracy with which participants identify previously learned shapes is not always affected by whether these shapes are presented in their original colour or a different colour (Cave et al 1996; Hanna and Remington 1996; Stefurak and Boynton 1986) . Our study, however, differs from these studies in two respects. First, we examined participants' response latencies in addition to the accuracy of their responses. (2) Second, our images depicted more naturalistic surface colour than those used in previous studies. Our images also contained shading and specularities as would be seen in many everyday objects. It is possible that artificial surface colour is represented differently from more realistic surface colour. Some of our recent research indicates important differences between realistic surface colour and artificial surface colour in other object-recognition tasks (Nicholson and Humphrey 2001) . Such realistic surface colour may promote a more`automatic' association of colour and shape information in a long-term object representation.
2 General method 2.1 Participants Participants were either introductory psychology students from The University of Western Ontario in London, Ontario participating for course credit (experiments 1^4), or psychology summer students from Queen's University at Kingston participating for monetary reimbursement (experiment 5). Participants had a median age of 20 years. All participants were right-handed, indicated that they had normal or corrected acuity and normal colour vision, and spoke English as their native language. Any one participant was tested in only one experiment reported in this paper.
Stimuli
Example stimuli are depicted in figure 1. Specular Infini-D software was used to create 48 images of novel 3-D objects, with multiple`geon'-like parts (Biederman 1987) , and realistic shadows and highlights. We have used grey-scale versions of these stimuli in several other object-recognition experiments (Harman et al 1999; James et al 2001) . Infini-D was also used to apply colour to the images, by using four colour patches (brown, green, blue, and red) that were created in Adobe Photoshop (luminance of the patches was 12 cd m À2 ). The colours of the patches were as follows (the numbers in brackets are the x and y CIE coordinates as measured with a Minolta CS-100 Chroma Meter): brown (0.467, 0.440), green (0.310, 0.547), blue (0.157, 0.097), and red (0.609, 0.347). Half the stimuli were used as old objects, while the others were used as new objects. Each new object was similar in shape and identical in colour (during test phase) to one old object. As can be seen in figure 1 , the new objects were created by changing the shape of some of the parts of the corresponding old objects. Different versions of each image that differed in colour, but not luminance, were created (see experiments for details). With the exception of experiment 5, the images were presented on a black background and viewed from a distance of 57 cm. In experiment 5, images were presented on either a blue, brown, green, or red background (the colour values were the same as those for the colour patches). They subtended a mean visual angle of 5.4 deg along the longest axis with a range of 4.0 deg to 6.4 deg. They were presented on a (2) Cave et al (1996) examined response latencies on a task requiring participants to make old/new recognition judgments about line drawings of common objects that were presented in their original colour or a different colour. Most objects were manufactured and not typically associated with any particular colour. They found a 25 ms advantage in recognition times for items presented in their original colour, over those presented in a different colour.
17-inch flat-screen monitor controlled by a Macintosh microcomputer. Each participant was tested in a dimly lit room, with his/her head in a chin-rest with both forehead and lateral head stops. Participants responded by pressing one of two computer keys. Both the response type (old/new) and its latency were recorded directly by the computer.
2.3 Procedure 2.3.1 Study phase. Participants were asked to learn the shapes of 24 novel objects. In each of three study blocks, the 24 objects were randomly presented one at a time, for 4 s, in the centre of a monitor screen (ie each object was presented for a total of 12 s). Stimuli were divided into four sets of 6 objects. Each set was depicted in a unique colour (or combination of two colours; see experiments for details). Object sets were counterbalanced across participants with a Latin-square, such that each set occurred six times in each colour(s).
Test phase.
The 24 old objects and 24 new objects were presented one at a time, in a random interleaved manner, in the centre of the monitor screen. Participants were asked to decide, as quickly and accurately as possible, whether each object was old or new on the basis of its shape. Images remained on the screen until participants responded. With the exception of experiment 4 (see experiment for details), half the old objects were depicted in their original colour (ie 3 from each set of 6), while the others were depicted in a different colour (ie 3 from each set of 6). Each new object was depicted in the same colour as the similarly shaped old object (ie the test colour of the old object) with which it was paired. Objects were counterbalanced across participants with a Latin-square, such that each object occurred three times in its original colour(s) and three times in a new colour(s). Prior to testing, participants were given a practice session consisting of 4 objects not used in the test session.
Data analysis
Only the data of those participants who performed better than chance (4 50%) in all four experimental conditions (ie old/new object6original/different colour) were included in the analyses, resulting in the exclusion of none, one, and three participants in experiments 1, 2, and 3, respectively. This was done to ensure that there were sufficient data points to calculate mean response latencies, which were calculated from correct trials for each participant. For both the old-object and the new-object conditions, trials in which decision latencies fell AE3 standard deviations (SDs) or more from the mean were excluded from the analyses, resulting in a loss of less than 1% of the data, in any one experiment. Separate repeated-measures ANOVAs were done on mean response latencies and accuracy rates (ie percentage of total trials per condition) with object (old/new) and colour (original/different) as within-participants factors. We should point out that although the new objects had not been seen before the test phase, and thus strictly did not have`original' and`different' colours, the results of the new objects were analysed in terms of the colours (ie test colours) of the old objects to which they were similar in shape. A posteriori analyses were done by the Newman^Keuls test (a 0X05).
Experiment 1
The purpose of this experiment was to examine whether an object's colour was automatically encoded with its shape in visual memory. To do this, we had participants perform an old/new shape discrimination task using novel objects that were depicted in one of four colours (see figure 1, top row). Half the objects were depicted in their original colour in the test phase, while the others were depicted in one of the other three colours. If participants automatically associate the shape and colour of the objects, then they should be faster and/or more accurate at correctly identifying old objects when they are depicted in their original colours, rather than in a different colour.
3.1 Method 3.1.1 Study phase. Twenty-four participants (twelve females, twelve males) were asked to learn the shape of 24 novel objects depicted in one of four colours (6 brown, 6 green, 6 blue, and 6 red).
3.1.2 Test phase. Participants were asked to use shape information to discriminate between the 24 old objects and 24 new objects. Of the old objects 12 were depicted in their original colour (3 brown, 3 green, 3 blue, and 3 red), while the other 12 were depicted in one of the other three colours (eg 3 brown at study; 1 green, 1 blue, and 1 red at test). New objects were depicted in the same colour (test colour) as the similar old object.
3.2 Results 3.2.1 Response latency. Mean response latencies are shown in figure 2. The ANOVA showed significant main effects of both object and colour and a significant interaction between these factors (F 1 23 s 4 6X32, ps 5 0X02). Colour had a significant effect only on responses to old objects (F 1 23 13X03, p 5 0X01; new objects: F 0X001, ns). Old objects were recognised 123 ms faster when they were depicted in their original colour (987 ms), as opposed to a different colour (1110 ms). The response latency for new objects was independent of whether they were depicted in the original colour of thè matching' old objects (1189 ms) or a different colour (1190 ms).
3.2.2 Accuracy rates. The ANOVA showed no significant effects. The accuracy rate for old objects was independent of whether they were depicted in their original colour (86.8%) or a different colour (87.8%). The accuracy rate for new objects was also independent of whether they were depicted in the original colour of the`matching' old object (88.2%) or a different colour (90.6%).
Discussion
Participants' accuracy in identifying old objects, based on shape information, was independent of whether the objects were depicted in their original colour or a different colour. This result is consistent with those of previous studies (Cave et al 1996; Hanna and Remington 1996; Stefurak and Boynton 1986) . Participants were, however, significantly faster at correctly identifying old objects when these objects were depicted in their original colour, rather than in a different colour. The results indicate that, although shape can be identified independently of colour, object colour information appears to be part of the long-term object representation. Further, given that novel objects were used, it is unlikely that subjects used a verbal coding strategy to link object shape and colour. Although the new objects had not been seen before the test phase, and thus strictly did not have`original' and`different' colours, the results of the new objects were analysed in terms of the colours of the old objects to which they were similar in shape. The new objects were always presented in the same colour as the similar old objects.
Experiment 2
The purpose of this experiment was to explore further the nature of the colour information that may be part of a long-term representation. Many everyday objects are composed of parts and these parts have different colours. In experiment 1, the objects, although composed of parts, were presented in a single, homogeneous colour. In this experiment the objects were depicted with one of four unique combinations of two of the four colours used in experiment 1. The top parts were one colour and the bottom parts (or base) were a different colour (see figure 1, bottom row) . Half the objects were depicted with their original colours during the test phase, while the others were depicted with different colours. If participants automatically encode the colour of the object parts, then they should be faster at using shape cues to identify old objects depicted with their original colours, rather than with different colours.
4.1 Method 4.1.1 Study phase. Twenty-four participants (twelve females, twelve males) were asked to learn the shape of 24 novel objects depicted in one of four combinations of two of the four colours (brown, green, blue, and red). The top parts were one colour and the bottom parts were a different colour (6 red/brown, 6 brown/blue, 6 green/red, and 6 blue/green).
Test phase.
Participants were asked to discriminate between the 24 old objects and 24 new objects, on the basis of shape. Of the old objects, 12 were depicted in their original colours (3 red/brown, 3 brown/blue, 3 green/red, and 3 blue/green). The other 12 were depicted with two new colours, in a combination that had not been used during the study phase (eg 3 red/brown at study were green/blue at test, rather than blue/green). New objects were presented in the same combination of colours (ie test colours) as the similar old objects.
Results

Response latencies.
Mean response latencies are shown in figure 3 . The ANOVA showed a significant main effect of object (F 1 23 9X35, p 5 0X01) and a significant interaction between object and colour (F 1 23 6X54, p 5 0X02). Colour had a significant effect only on responses to old objects (F 1 23 17X72, p 5 0X001; new objects: F 0X06, ns). Old objects were recognised 109 ms faster when their parts were depicted in their original colours (947 ms) than when their parts were depicted in different colours (1056 ms). The response latency for new objects was independent of whether they were depicted in the original colour of the`matching' old objects (1077 ms) or a different colour (1066 ms). and`different' colours, the results of the new objects were analysed in terms of the colours of the old objects to which they were similar in shape. New objects were always presented in the same colours as the similar old objects.
4.2.2 Accuracy. The ANOVA showed a significant interaction only between object and colour (F 1 23 5X27, p 5 0X03). Test colour had a significant effect only on responses to old objects (F 1 23 11X54, p 5 0X01; new objects: F 0X50, ns). Old objects were recognised more accurately when their parts were depicted in their original colours at test (85.8%) than when their parts were depicted in different colours at test (78.5%).
The accuracy rate for new objects was independent of whether they were depicted in the original colours of the`matching' old objects (81.6%) or different colours (83.7%).
Discussion
As in experiment 1, participants were significantly faster at correctly identifying old objects on the basis of shape information when these objects were depicted in their original colours rather than in different colours. Further, participants were significantly more accurate at correctly identifying old objects on the basis of shape information when the objects were depicted in their original colours than when they were depicted in different colours. These results suggest that participants are able to automatically encode the colour of the object parts and use this information to benefit performance. It is possible that simply having the appropriate combination of colours benefited participants' performance, independently of whether these colours were conjoined with the appropriate parts. We explored this idea in the next experiment by manipulating whether objects were depicted with congruent or reversed part-colour conjunctions across study and test.
Experiment 3
The purpose of this experiment was to examine whether it was the appropriate combination of colours per se or the appropriate part-colour conjunctions that benefited participants' performance in experiment 2. To do this, we had participants perform an old/new shape discrimination task, as in experiment 2, except half of the old objects were depicted in their original part-colour conjunctions during the test phase, while the others were depicted in the reverse part-colour conjunctions. If participants automatically encode the colour of the different parts of the object, rather than simply encoding the colours of an object, then they should be faster at using shape cues to identify these objects when they are depicted in their original part-colour conjunctions, rather than in the reverse part-colour conjunctions. 5.1 Method 5.1.1 Study phase. Twenty-four participants (twelve females, twelve males) were asked to learn the shape of 24 novel objects depicted in one of four combinations of two of the four colours (brown, green, blue, and red). The top parts were one colour and the bottom parts were a different colour (6 red/brown, 6 brown/blue, 6 green/red, and 6 blue/green).
Test phase.
Participants were asked to discriminate between the 24 old objects and 24 new objects, on the basis of shape. Of the old objects, 12 were depicted with their original part-colour conjunctions (3 red/brown, 3 brown/blue, 3 green/red, and 3 blue/green), while the other 12 were depicted with the reverse part-colour conjunctions (3 brown/red, 3 blue/brown, 3 red/green, and 3 green/blue). New objects were presented in the same combination of colours (ie test colours) as the`matching' old object.
Results
Response latencies.
Mean response latencies are shown in figure 4 . The ANOVA showed a significant main effect of object (F 1 23 11X92, p 5 0X01) and a significant interaction between object and colour (F 1 23 5X65, p 5 0X03). Colour had a significant effect only on decisions about old objects (F 1 23 6X42, p 5 0X02; new objects: F 0X47, ns). Old objects were recognised 69 ms faster when they were depicted in their original part-colour conjunctions (985 ms) rather than the reverse part-colour conjunctions (1054 ms). The response latency for new objects was independent of whether they were depicted in the original part-colour conjunction of the`matching' old object (1117 ms) or a different part-colour conjunction (1093 ms).
5.2.2
Accuracy. The ANOVA showed a significant effect only of object (F 1 23 6X27, p 5 0X02). Participants' decisions were significantly less accurate about old objects (79.2%) than new objects (84.6%). The accuracy rate for old objects was, however, independent of whether they were depicted in their original part-colour conjunctions (80.2%) or different part-colour conjunctions (78.1%). The accuracy rate for new objects was also independent of whether they were depicted in the original part-colour conjunction of the`matching' old objects (83.7%) or a different part-colour conjunction (85.4%).
Discussion
Participants were significantly faster at correctly identifying old objects on the basis of shape information when these objects were depicted in their original part-colour conjunctions rather than in the reverse part-colour conjunctions. These results suggest that participants encode specific part-colour conjunctions, rather than simply associating a combination of colours with an object.
Further, in both experiments 2 and 3 there was no significant difference in the speed or accuracy of participant's performance on the new-object trials. If colour was being used as an independent cue, then one might expect performance to be worse when the spatial arrangement of the part-colour conjunctions of new objects was similar to ones seen during the study phase than when the spatial arrangement of the conjunctions was novel. That is, we might expect participants to make more false positives or take more time to decide that they had not seen the object during the study phase. This was not the case.
Experiment 4
We have suggested that the use of novel objects should preclude the use of a verbal labelling strategy or at least make it a difficult and inefficient strategy. Such a strategy might be particularly difficult when the objects have more than one colour. Further, the instructions to participants were to learn the shapes of the objects during the study phase and this too could discourage use of a verbal coding strategy. Nevertheless, it is possible that participants ignored the instructions to learn only the shapes of objects during the study phase and used some form of verbal strategy to associate the shapes and colours of the objects. We explored this possibility in experiment 4 by testing participants' ability to recall the colours of objects. To do this, we presented objects as . Mean response latency for correct trials on original part-colour conjunction (filled bars) and reversed part-colour conjunction (open bars) trials for old objects and new objects. Although the new objects had not been seen before the test phase, and thus strictly did not have`original' and`different' colours, the results of the new objects were analysed in terms of the colours of the old objects to which they were similar in shape. New objects were always presented in the same colours as the similar old objects.
grey-scale images during the test phase and asked participants to identify the specific part-colour conjunctions of objects they had seen during the study phase. If participants were using a verbal strategy to associate the shapes with their colours, then they should be able to name the specific part-colour conjunctions of the objects during the test phase.
6.1 Method 6.1.1 Study phase. Twelve participants (six females, six males) were asked to learn the shape of 24 novel objects depicted in one of four combinations of two of the four colours (brown, green, blue, and red). The top parts were one colour and the bottom parts were a different colour (6 red/brown, 6 brown/blue, 6 green/red, and 6 blue/green).
6.1.2 Test phase. Participants were asked to discriminate between the 24 old objects and 24 new objects, on the basis of shape. All objects were depicted as grey-scale images. If participants indicated that they had seen the object during the study phase, then they were asked to recall the colours of the objects in their specific spatial arrangement (ie top/bottom). The objects remained on the screen until the participants attempted to recall the colours. Reaction time was not measured in this experiment.
Results
The accuracy for identifying the old objects was 80.25% and the accuracy rate for the new objects was 85.42%. Participants' accuracy rate for correctly recalling the partcolour conjunctions of correctly identified old objects ranged from 5.6% to 50% with a mean of 28.9% (SD 15X3%). The probability of identifying the part-colour conjunction by random guessing was 8.25%. If participants had actually learned the four specific part-colour choices, then the probability of identifying the part-colour conjunction of an object by chance was 25%. Although participants' performance suggested that they were not randomly guessing, they were still quite poor at recalling the specific part-colour conjunctions of objects.
Discussion
Results showed that participants' recall of the specific part-colour conjunctions of correctly identified old objects was quite poor. This is consistent with the finding of Park and Mason (1982) that participants were below chance at recalling the colour of studied objects, unless they had specifically been instructed to learn the colours. The results of the present experiment suggest that it is unlikely that participants were solely dependent on a verbal strategy to encode the colours of the novel 3-D objects.
Experiment 5
The results of experiments 1 through 3 have shown that participants were significantly faster at correctly identifying old objects, on the basis of shape information, when these objects were depicted in their original colours rather than in different colours. One possible explanation is that object colour is automatically encoded along with shape information, in the visual representation of an object, and that it can be used to facilitate decisions about objects that are based on shape. Alternatively, it may be that participants are simply faster at recognising stimuli when the encoding context remains identical at test than when the encoding context changes at test (contextual or encoding specificity effect). The purpose of experiment 5 was to rule out the possibility that the results of experiments 1 through 3 simply reflected a contextual effect.
To do this, we had participants perform an old/new shape discrimination task with half of the old objects being depicted with their original object colour, but a different background colour, during the test phase. In contrast, the other objects were depicted with a different background colour, but their original object colour. If the results of experiments 1 through 3 simply reflected a contextual effect, then changing the colour 7.2 Results 7.2.1 Response latencies. Mean response latencies are shown in figure 5 . The ANOVA showed a significant main effect of object (F 1 23 13X18, p 5 0X01) and a significant interaction between object and colour (F 1 23 6X04, p 5 0X03). Colour had a significant effect only on decisions about old objects (F 1 23 7X11, p 5 0X02; new objects: F 1X13, ns). Old objects were recognised 69 ms faster when they were depicted in their original object colour and different background colour (1074 ms) rather than a different object colour and same background colour (1143 ms). The response latency for new objects was independent of whether they were depicted in the original object colour and different background colour of the matching old objects (1289 ms) or a different object colour and same background colour (1289 ms).
7.2.2 Accuracy. The ANOVA showed a trend only for an effect of object (F 1 23 3X96, p 5 0X06). Participants' decisions tended to be less accurate about new objects (86.1%) than old objects (89.8%). Accuracy rates for old objects were, however, independent of whether they were depicted in their original object colour and different background colour (90.3%) or a different object colour and same background colour (89.2%). Also, the response latency for new objects was independent of whether they were depicted in the original object colour and different background colour of the`matching' old objects (87.8%) or a different object colour and same background colour (84.4%). Although the new objects had not been seen before the test phase, and thus strictly did not have`original' and`different' colours, the results of the new objects were analysed in terms of the colours of the old objects to which they were similar in shape. New objects were always presented in the same colours as the similar old objects.
Discussion
Participants were significantly slower at correctly identifying old objects on the basis of shape information when the object colour changed across study and test than when the background colour changed across study and test. This finding rules out the possibility that the results of experiments 1 through 3 simply reflected a contextual effect.
General discussion
Previous findings indicate that, at least for certain objects, information about object colour is stored in long-term memory and the availability of this colour in the visual image facilitates recognition. The purpose of our experiments was to explore the role that colour plays in object recognition and to examine the possibility that both shape and colour are automatically encoded in the long-term perceptual representations of objects.
In experiment 1 we found that the correct identification of old objects, on the basis of shape information, was faster when the objects were presented in the same colour across study and test, rather than in a different colour. In experiments 2 and 3, we found that the correct identification of old objects on the basis of shape information was faster when the part-colour conjunctions were the same across study and test, rather than different (experiment 2) or reversed (experiment 3) part-colour conjunctions. The results of these three experiments suggest that, although shape can be identified independently of colour, object colour information appears to be part of the long-term object representation.
In experiment 4, we found that participants were poor at recalling the part-colour conjunctions of objects seen during the study phase. This result indicates that it is unlikely that participants were using a verbal strategy to associate colour information with shape information. Furthermore, in experiment 5, we found that participants were significantly slower at the correct identification of old objects, on the basis of shape information, when object colour was incongruent across study and test than when background colour was incongruent across study and test. This results indicates that the speed advantage obtained in experiments 1 through 3, for objects that were congruent in colour across study and test, did not simply reflect a contextual or encoding specificity effect.
Another explanation for these results is that colour information was encoded completely independently of shape information, rather than as part of an object representation that included both shape and colour. Thus, the availability of colour in the visual image provided an additional recognition cue, facilitating recognition in an additive way. There are, however, three reasons to believe that this was not the case. First, decisions about new objects were not dependent on whether or not the particular spatial arrangement of colours had been used during the study phase (experiments 2 and 3). If subjects were using colour information as an independent cue, then it might be expected that new objects presented in colour combinations that had been used during the study phase would be less accurately or more slowly rejected than new objects presented in colour combinations that had not been used during the study phase. Second, the objects were not associated with unique colours (25% of the objects were the same colour); thus it was unlikely that colour could be used as a reliable cue for participants to make decisions. Third, the new objects were presented in the same colours as the old objects, thus making it unlikely that colour alone would be sufficient for distinguishing these two types of objects.
The results of these experiments indicate that colour may be automatically encoded in a perceptual representation of objects, along with shape information. How might object colour be coded with respect to shape information in long-term visual memory? Although the correct identification of old objects based on shape information was faster when the colour of the objects was congruent across study and test, colour did not influence the accuracy of identification, except in experiment 2. The lack of difference in accuracy in experiments 1 and 3 is consistent with earlier findings reported in the literature (Hanna and Remington 1996; Stefurak and Boynton 1986) . The findings are consistent with the idea that colour and shape information may be stored separately, but richly interconnected as suggested by Price and Humphreys (1989) . Thus, it is possible to recognise objects on the basis of shape alone, but such interconnections may facilitate or inhibit the speed of early recognition processes. Price and Humphreys (1989) argued that object recognition may take place as a cascade, so that representations can be activated prior to the completion of earlier processing stages (see also Humphreys et al 1988) . Thus, shape representations may be activated first and recognition may be initiated from these representations, but associated colour representations may be activated prior to the completion of the early recognition process. The activation of these colour representations can either facilitate or inhibit the speed of initial decisions about competing object representations (ie visually similar).
Our data are consistent with Price and Humphreys' proposal in that appropriate colour information did not significantly influence decisions about new objects, indicating that colour did not have an influence unless the appropriate shape information was activated. It seems plausible that, since the new objects were similar in shape to the old objects, they may also have activated encoded shape information about thè matching' old objects. If this were the case, then it should have been more difficult to reject new objects presented in the training colour of the`matching' old objects (ie shape different, colour same) than new objects presented in a different colour (ie shape different, colour different).
Although there was no significant effect in the new-object condition, the effect was in the right direction. Each new object was matched with a similarly shaped old object; the entire set of objects was quite similar in shape. In addition, only four colours were used. It is quite possible that new objects might have been similar in shape or had similar parts to many of the old objects. Although the colour of the different-colour new objects was different from the training colour of their`matching' old objects, it may have been the same as the training colour of other old objects or object parts that these new objects resembled. If this were the case, a large effect in the new-object condition would not necessarily be expected.
Interestingly, Humphrey and colleagues (1994) found that appropriate colour facilitated the naming of objects in an undergraduate population, but not in a patient (DF) with visual-form agnosia who had great difficulty in processing shape information. This finding also indicates that object colour stored in memory may be activated only via the activation of the associated shape representations. DF did, however, benefit from more naturalistic colour information, in that she performed better at naming real natural objects and coloured photographs of these objects than achromatic images. It could be that more naturalistic colour information, such as that used in the present set of experiments, is coded in a different way than more artificial colour information (see also Nicholson and Humphrey 2001) .
Another possibility is that shape and colour (as well as other surface properties) information are automatically integrated in visual memory by some form of combination coding. K Tanaka et al (1991) argued that the concept of an object may be coded by combinations of active cells that represent partial object features that are composed of more than one object feature. Consistent with this idea, cells in the temporal cortex of the monkey respond in a super-additive manner to combinations of simple shapes, colour and shape, texture and shape, colour and texture, as well as combinations of colour, texture, and shape (K Tanaka et al 1991; see also Kobatake and K Tanaka 1994) . Perhaps when more naturalistic images are used there is an increase in the number of partial features available and this decreases the latency to accumulate neuronal evidence favouring one interpretation of the object over others (Perrett et al 1998) . Such a mechanism could account for findings that participants are able to recognise objects on the basis of shape alone, but that the presence of appropriate colour (or other surface cues) reduces decision time.
